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Abstract

	 2’,4’-dihydroxy-6-methoxy-3,5-dimethylchalcone (ChalcEA) that isolated from Eugenia aquea 
Burm f. leaves has a potential anticancer activity against human breast adenocarcinoma cell lines 
(MCF-7). The objective of this study was to modify ChalcEA to increase its activity as an antagonist 
of breast cancer with computational simulation approach. A molecular docking simulation was 
done against the modification structure of ChalcEA with Autodock4 to determine binding interaction 
between ChalcEA and hERα receptor agonists (PDB ID 1g50). Subsequently, the structure with the 
smallest bond energy value from the docking result was simulated using molecular dynamics to see 
its stability within a certain time. The results of molecular docking showed that ChalcEA modification 
which has a phenol group and pyrazole (MK2) had the free binding energy (ΔG) with a value of -10.2 
kcal/mol and bonding hydrogen with GLU353 and ARG394, while estradiol had a value of ΔG=-10.7  
kcal/mol. Based on molecular dynamics results, the determination of binding energy was gained using 
MMPBSA (Molecular Mechanics Poisson-Boltzmann and Surface Area) calculation methods. The 
MK2 has the better affinity than estradiol with a value of ΔGTotal=-45.10 kcal/mol, while estradiol was 
amounted to -40.86 kcal /mol. This study suggests that the MK2 might be potential as an antagonist 
to the hERα of breast cancer. 
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Introduction

	 Cancer is a normal cell that has an 
uncontrolled proliferation tissue whose differentiation 
rate is higher than normal cells1. Cancer cells have 
angiogenesis ability1 and can spread to its nearby 

cells or tissues2. Clinical symptoms of cancer is 
manifested when it is reaching a high stage, making 
it difficult to treat. A total of 8.2 million people died 
from cancer in 20123. At all times, the highest rates of 
death are caused by cancer of liver, lung, colorectal, 
stomach, and breast3. Genderwise, in Indonesia the 
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number of female cancer patients is larger than male; 
approximately 2.2:0.6 per 1000 population4.

	 Breast cancer is caused by tumors in 
the breast that are sensitive to estrogen6. Growth 
hormone that can trigger the development of breast 
cancer cells is secreted by human breast’s epithelial 
cells, stimulated by progesterone7 and estrogen8. 
Breast cancer therapy can be done by inhibiting 
estrogen activity or working competitively with 
estrogen9.

	 Drug discovery from medicinal plants has 
played an important role in the treatment of cancer 
and, indeed, the newest clinical applications of plant 
secondary metabolites and their derivatives over the 
last half a century have been applied in combating 
cancer10. 

	 Currently, anticancer agents from plants 
in clinical use and can be categorized into four 
main classes of compounds, namely: vinca  
(or Catharanthus) alkaloids, epipodophyllotoxins, 
taxanes, and camptothecins. Vinblastine and 
vincristine are isolated from Catharanthus roseus 
(L.) G. Don (Apocynaceae) (formerly Vinca rosea 
L.) and have been used clinically for over 40 years11. 
Vinca alkaloids and several of their semi-synthetic 
derivatives block mitosis with metaphase arrest 
by binding specifically to tubulin, resulting in its 
depolymerization12. Numerous derivatives of this 
compound have been synthesized, some of which 
are currently in clinical use12. All of these natural 
products have led to significant biological discoveries 
related to their unique mechanisms of action.

	 In our previous study, we evaluated 42 
species of Indonesian primate-consumed plants for 
their antiproliferative activity against MCF-7 human 
breast cell lines using a MTT bioassay. The results 
showed that some extracts of the plants had strong 
inhibitory activity against MCF-7 cell proliferation, 
and one of them was Eugenia aquea leaves 
extract. Subsequently, 2’,4’-dihydroxy-6-methoxy-
3,5-dimethylchalcon (ChalcEA) was isolated from 
Eugenia aquea leaves and further investigations 
were conducted to provide a basis for its use in 
breast cancer disease management. The results 
showed that the compound inhibited cell proliferation 
in a dose-dependent manner with IC50 of 74.5 µg/mL 

(250 µM) and promoted apoptosis via the activation 
of PARP12.

	 Fur thermore, the 2’,4’-dihydroxy-6-
methoxy-3,5-dimethylchalcon was docked against 
Human Estrogen Alpha (hERα), and its affinity 
was compared to 4-hydroxytamoxifen (4-OHT). 
However, this compound could not compete with 
tamoxisfen due to its lack of hydrophobic tail. A 
chemical compound, namely chalcon, isolated from 
E. aquea leaves was then analyzed for their possible 
Selective Estrogen Reseptor Modulator (SERM)-
like properties by using a series of appropriate cell 
systems/markers reflective of SERM activity. Their 
action was assessed in induction of human breast 
cancer cell lines which are estrogen dependent 
markers in MCF-7 breast cancer cells.

	 Chalcone is a natural compound that 
includes flavonoid precursors and isoflavonoid, which 
is also widely found in plants. Having two open-chain 
flavonoids, there are two aromatic rings combined 
by three α, β-unsaturated carbons14. Chalcone 
has biological activities including antioxidant15, 
antibacterial16, anti-inflammatory17, and anti-cancer18.

	 Chalcone has a structural similarity with 
estradiol and tamoxifen. This causes chalcone to 
have estrogenic ability (agonist) and antiestrogen 
(antagonist)19. Thus, this study used estrogen α 
receptors (hER-α) in the agonist complex with 
estradiol ligand. The ChalcEA has activity-based 
apoptotic activity on PARP (poly- (ribon) polymerase) 
and proliferative inhibition cells in a given dose 
with IC50 74.5 μg/mL (250 μM)10. The IC50 value 
of inhibitory activity of cell proliferation belongs to 
the not very active category with a range of 10-100  
μg/mL20. Therefore, this study modified ChalcEA to 

increase its affinity to estrogen receptor.

Materials and Methods

Materials 
	 Software: This study used software namely: 
Chem Bio Draw Ultra 12.0 and Chem Bio 3D Ultra 
12.0 (PerkinElmer Inc), BIOVIA Discovery Studio 
Visualizer 2016 (Accelrys Inc., San Diego, CA, USA), 
Autodock 4.2 (The Scripps Research Institute), and 
AMBER 14 (Amber, San Francisco, CA, USA).
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Methods 

Preparation of Protein Receptor 
	 The hER-α receptor complex was obtained 
from Protein Data Bank with ID pdb 1g50, which had 
been complexed with estradiol. Using BIOVIA Discovery 
Studio Visualizer 2016, the estradiol structure was 
separated as a standard ligand and water molecules 
are removed to obtain only the hERα receptor.

Preparation of Ligands
	 Ligands were obtained by drawing the 2D 
structures from chalcone derivatives using Chem Bio 
Draw Ultra 12.0 and stored using the “mol format”. 
This format was then run on Chem Bio 3D Ultra 
12.0 to minimize and add charge. Afterward, it was 
stored in pdb format in order to obtain its 3D ligand 
structure. The estradiol structure was then used for 
validation process.

Molecular Docking Simulation
	 This method was modified from our previous 
study19. The repetitions with 100 run of molecular 
docking were performed using GA parameters as 
scoring function19. The search area was limited by 
grid box dimensions of x=104.963, y=14.909, and 
z=23.535 with a volume of 40x40x40 points. Docking 
parameters were afterwards saved in “.dpf format”. 
Subsequently, the automatic docking process was 
run. The results of the docking process were stored 
in “.dlg format”. In this data, there were bond energy 
values (EI), inhibition constants (KI), and ligand 
conformations. The best ligand conformation with 
the smallest binding energy value could be visualized 
using BIOVIA Discovery Studio Visualizer 2016.

Molecular Dynamics (MD) Simulation
	 The simulation was performed on two 
systems, namely hERα 1g50-estradiol (agonist) and 
1g50-derived ChalcEA which have the best affinity. 
At AMBER 14, the ligand was parameterized using 
Antechamber with AM1-BCC calculations. Then, 
Cl- ion was added as counter ion using LEAP. The 
disolvation system with added water as solvent was 
explicitly a water model TIP3P box.

	 The minimization of each complex was 
performed with the aid of Sander module in AMBER 
14. The minimization can remove clusters or atoms 
that will cause collisions between atoms or eliminate 
steric hindrances. This contact was removed to 
maintain low energy within the area during the 
simulation. Then, the minimization was conducted 

on the heating complex gradually from 0-100K,  
100-200K, and 200-310K with harmonic restraint of 5 
kcal.mol-1•A-2 on the backbone atoms. Furthermore, 
MD simulation was done for 20 ns with constant 
temperature of 310K. 

RESULTS

Molecular Docking Simulation
	 The results of docking estradiol and 
modification of ChalcEA can be seen in Table 1. 
These results showed that MK1 and MK2 have 
better affinity for hER-α (1g50) than ChalcEA.  
The structures of MK1 and MK2 can be seen  
in Fig. 1, and their interaction with hER-α can be seen in Fig. 
2. The other molecular structure of ChalcEA modifications 
(MK) can be seen in the supplementary file

Table 1: Results of Estradiol Docking and 
Chalcone Modification of hER-α (PDB ID 1g50)

No.	 Compound	 ΔG1	 Molecular	 Ki2 (uM)
	 code	 (kcal/mol)	 weight

1	 Estradiol	 -10.7	 272.38	 13.23x10-3

2	 CHalcEA	 -8.2	 298.33	 897.61x10-3

3	 MK1	 -10.0	 476.56	 42.41x10-3

4	 MK2	 -10.2	 434.48	 29.02x10-3

5	 MK3	 -9.2	 466.57	 160.63x10-3

6	 MK4	 -8.3	 449.58	 822.33x10-3

7	 MK5	 -8.0	 471.54	 1.33
8	 MK6	 -7.5	 447.52	 2.73
9	 MK7	 -7.5	 473.52	 3.02
10	 MK8	 -5.9	 440.49	 43.47
11	 MK9	 -5.6	 463.52	 74.21
12	 MK10	 -4.2	 473.52	 799.70
13	 MK11	 -2.6	 501.62	 12.19x103

1ΔG: Free energy binding of molecular docking 
simulation results
2 Ki: Inhibition constant that calculated based on the 
equation: Ki = exp (DG/ (R.T)

Fig. 1. The Molecular Structure that Modifies Chalcone of 
MK1 and MK2
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Molecular Dynamics (MD) Simulation
	 Based on Fig. 3, the system generally 
achieves stability after reaching frame 2000  
(2 ns). The MK2-receptor complex has a high RMSD 
compared to the receptor complex with estradiol. 
Visible high deviation on Res-MK2 achieved at 4000 
frames (4 ns) thereafter is relatively stable with a 
value of ~2.5 Ǻ.

Fig. 2. MK1 (Grey) and MK2 (Green) Interactions with 
Human Estrogen Receptor Alpha (HER-α) Receptors 

Hydrogen Bond (Green Line)

Fig. 3. Root Mean Square Deviation (RMSDs) Time Evolution 
of Protein Backbone and Ligands during 10 ns of Simulation

RMSF (Root Mean Square Fluctuation)
	 The RMSF value in Fig. 4 below shows 
fluctuations for each residue during simulation, 
displaying the flexibility of the residue. The RMSF 
value of each residue can be seen in Fig. 4 below.

	 The MK2 ligand disrupts the stability of 
the hydrogen bond with increasing fluctuations in 
GLU419. As seen in Fig. 5, in the complex with MK2, 
loop-534 is elevated compared to estradiol.

Fig. 4. RMSF (Root Means Square Fluctuation) Value during 
20 ns Simulation Time

Fig. 5. Comparison loop-534 of MK2 (Orange) Complex 
is More Elevated than Estradiol (White). Loop-534 is the 
region between Helix-11 and Helix-12 that accomadate 

antagonist compounds21, 23

	 According to Table 2, the overall MK2 system 
has a lower energy value than estradiol. In both 
systems, van der walls (vdw) energy has the smallest 
value compared to other energies in both systems.

Table 2: Energy Calculation Binding of MMPBSA Method

Energy (kcal/mol)	 System1

	 MK2- hERα	 Estradiol- 	
		  hERα

Vdw2	 -57.06	 -44.87
EEL3	 -9.63	 1.16
EGB

3	 29.36	 7.39
ESURF

3	 -7.78	 -4.54
ΔGgas (vdw + EEL)	 -66.69	 -43.71
ΔGsolv (EGB + ESURF)	 21.58	 2.85
ΔGTotal	 -45.10	 -40.86
1System of molecular dynamic that run with time 
space 20 ns
2Vdw: Van der Waals interaction energy, 
3EEL: Electrostatic energy, EGB:  , ESURF: Surface 
area energy, ΔGsolv: solvation free energy
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DISCUSSION

	 X-ray structure of ERα that had been 
complexed with 4-OHT (PDB ID: 3ERT) was 
taken based on a good experimental resolution 
(1.9 Å), R-value free (0.262), and R-value work 
(0.229)22. 4-OHT has hydrophobic interaction 
that predominantly interacts with aromatic rings. 
The butenyl group also forms a positive ionisable 
interaction with secondary amine nitrogen of hERα. 
The hydroxyl and phenoxy oxygen formed hydrogen 
bond interactions with GLU353. Helices 3, 6, 7, 8, 11, 
and 12 were observed, as they played an important 
role. Thus, ERα has ligand-binding domain (LBD) 
which was predominantly the hydrophobic cavity. 
The interaction of ligand with 536-544 residues of  
Helix-12 in macromolecule (ERα) has a role 
to determine whether the ligand is agonist or 
antagonist. An antagonist ligand binds to LBD of 
ERα. Thus, the Helix-12 will be closed and does not 
bind to co-activator. This interaction causes lack of 
hydrogen bond network called ‘zipper’ network in 
agonist structure. This network was built between 
GLU419, HIS524, and LYS531 that has an important 
role in ensuring that Helix-3 and Helix-11 are in 
close contact21.

	 Based on the previous study23, the 
modification was based on the hydrophobicity 
of the functional group because hER-α receptor 
has a hydrophobic environment and refers to 
the estradiol, including steroids. Tamoxifen is a 
prodrug widely used as analog antagonist estrogen. 
The 4-hydroxytamoxifen (4-OHT) compound is 
a tamoxifen metabolite. The ChalcEA had no 
hydrophobic tail as in 4-OHT, but only carbonyl group. 
In addition, the ChalcEA carbonyl group was shorter 
than the diethylaminoethoxy group at 4-OHT and 
was responsible for its affinity. ChalcEA derivatives 
with pyrazole rings have a significant activity in 
inhibiting human cancer cell line proliferation19. It 
can be used as a basis in modifying ChalcEA in this 
study (Table 1.).

	 Estrogen receptors have a hydrophobic 
environment that composes Helices 3, 6, 7, 8, 11, 
and 12. Helix-12 has an important role in determining 
ligand activity as an agonist or antagonist. Helix-
12 can bind to the active side of the co-activator 
to be an agonist. Helix-12 composers include the 

His524 residue21. MK1 and MK2, on the other hand, 
do not form this bond, so it is antagonistic. Then, 
hydrophobic tail is added to the structure of MK1 
and MK2, thus increasing the hydrophobicity of the 
ligand. This tail is based on an anti-breast cancer 
from commercial synthetic known as tamoxifen as 
has been referred to on our previous study.

	 MK2 forms hydrogen bonding interactions 
with GLU353 and ARG394 residues with a distance 
of 2 Å. The distance is included in strong hydrogen 
bonds. In addition, it causes the formation of 
T-shaped pi-pi interaction. This interaction is formed 
between the phenol rings with PHE404, while 
MK1 only forms hydrophobic interaction. With the 
formation of hydrogen bonds, MK2 is more stable 
in hER-α complex compared with MK1. Then, to 
observe the behaviour of complex MK2 further, 
MD simulation was conducted. MK2 was chosen 
because it has a smaller bond energy value and 
it can bind to the same residue as estradiol at 
hERα receptors (GLU353 and ARG394). The MD 
simulation was performed on two systems, namely 
hERα 1g50-estradiol (agonist) and 1g50-MK2.

	 The first stage in the MD simulation was 
that hER-α receptor was first given a force field 
with LEAP program. Protein was added to force field 
AMBER FF14SB. Force fields can improve accuracy 
for protein chain parameters24. Then, the ligand 
was parameterized to calculate the charge from 
the constituent atom using semi-empirical quantum 
AM1-BCC calculation minimization method.

	 The MD simulation was done in ten stages. 
Each stage took place in a simulation time of 2 ns, 
making the overall time simulation of 20 ns. The data 
generated from the MD simulation included RMSD 
(Root Mean Square Deviation) and RMSF (Root 
Mean Square Fluctuation). These data illustrated 
the complex behaviour of ligand-receptors in the 
presence of pressure and temperature. Each of 
these data was obtained after a simulation of 20 ns. 
The RMSDs time evolution of the protein backbone 
and ligands during 10 ns of simulation are shown 
in Fig. 3. This suggests that the receptor flexibility 
in MK2 ligands increases, compared to estradiol 
complexes, with lower flexibility and a sharply 
increased RMSD in frame 2000 with ~1.5 Å. This 
increase in RMSD values marks the opening of the 
receptor structure (unfold). 
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	 Based on Fig. 4, it is generally possible 
to see the receptor's flexibility in the same residue. 
The influence of the ligand also affects the flexibility 

of the receptor residue. MK2 ligands show higher 

fluctuations compared with ChalcEA and estradiol, 

while on estradiol complex the resulting fluctuation is 

lower. Residues with high fluctuations in each ligand 

are PRO333, THR371, and SER463, whereas in 

GLU419 only on MK2 ligand shows high fluctuation.  

This fluctuation increase was caused by a disruption 
of hydrogen bond by GLU419. In the crystal structure, 
PDB 1g50 is known to have a series of hydrogen 
bonds formed between GLU419 with LYS531 and 
GLU419 with HIS524. The disturbance of hydrogen 
bonding to the agonist receptor structure (1g50) may 
direct the ligand to have antagonistic action21.

	 This interaction caused lack of hydrogen 
bond network called ‘zipper’ network in agonist 
structure. This network was built between GLU419, 
HIS524, and LYS531 that has play an important role 
in ensuring that Helix-3 and Helix-11 are in close 
contact23. In Helix-3 and Helix-11, loop-534 in the 
complex with MK2 is more open than the estradiol 
agonist complex due to the opening of hydrogen 

bonding interaction. Then MK2 is suspected to 
having an action as an ER antagonist.

	 Vdw energy of MK2 is smaller, due to the 
structure of the larger MK2. This shows that in the 
constituents of the active pockets of hERα, there are 
many residues that are hydrophobic. MK2 thus has a 
better affinity for hER-α than estradiol, with ΔGTotal 
smaller than estradiol.

	 MK2 has the potential as an antagonist of 
receptor hERα breast cancer. Based on the results 
of the docking simulation, it has a value of ΔG=-10.2 
kcal/mol, occupying the hERα binding site by forming 
hydrogen bond GLU353 and ARG394. Based on the 
MD results, it can be seen that MK2 has a better 
affinity than estradiol with ΔGTotal=-45.10 kcal/mol, 
while estradiol is -40.86 kcal/mol.
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